Purpose: The aim of this study was to evaluate the efficacy of collagenase Clostridium histolyticum (CCH) in patients with Peyronie's disease (PD) suffering from atypical deformities. Materials and Methods: We retrospectively collected data of patients with atypical penile curvature (PC) secondary to PD. All patients underwent a modified treatment protocol, consisting of 3 intralesional injections of 0.9 mg of CCH performed at 4-week intervals at the point of maximum PC. Patients were instructed to follow a strict routine, involving daily modeling of erect penis and stretching at the urinary toilette time, two minutes each. Success was defined as a decrease in PC of ≥20° from baseline. Results: Sixty-five patients were included in the analysis. Median age was 59.0 years (interquartile range [IQR], 53.0 to 63.0 years), median curvature 40.0° (IQR, 30.0° to 45.0°) median duration of the disease 12.0 years (IQR, 6.5 to 24.0 years). Fiftythree patients (81.54%) had ventral PC, 7 (10.77%) hourglass PC, and 5 (7.69%) shortening PC. Median changes of PC were -20.0 (IQR, -20.0 to -10.0; p<0.01) in ventral PC, -20.0 (IQR, -20.0 to 0; p<0.01) in hourglass and -15.0 (IQR, -15.0 to -15.0; p<0.01) in shortening PC. At Kruscal-Wallis test, significant differences between groups were not found. The rate of PC success was 56.60% (30/53) in ventral PC, 57.14% (4/7) in hourglass and 20.00% (1/5) in shortening PC (p=0.29). Treatment success was not influenced by characteristics of curvature (odds ratio=0.66; p=0.20). Conclusions: CCH intralesional injections could represent an effective therapeutic option for the conservative management of patients with atypical PC.
INTRODUCTION
Peyronie's disease (PD) is characterised by the onset of localized fibrous inelastic scars at the level of the tunica albuginea, consequently inducing several symptoms, such as penile curvature (PC), painful erections, and erectile dysfunction (ED). Although its prevalence is often underestimated, according to current available literature, from 0.4% to 9.0% of male population is affected, with higher prevalence among patients suffering from ED and diabetes [1, 2] . The pathophysiology of PD is still object of great debate. Hypothetically, there might be a disorder of the healing mechanism at the level of tunica albuginea, which can be injured by microtraumas during sexual intercourses [3, 4] . The starting inflammation process of tunica albuginea is later followed by the development of fibrous plaques, which cause the well-known penile deformity, shortening, and a variable degree of ED [5] .
There are different therapeutic options for the management of PD, including pharmacologic and surgical approaches, in relation to the degree of PC and symptoms associated [6] . To date, several medical therapies have been suggested for the treatment of PD, but none of them have proven to be effective as collagenase Clostridium histolyticum (CCH). Intraplaque injection therapy with CCH (Xiaflex; Endo Pharmaceuticals, Inc., Malvern, PA, USA) represents the first therapy authorized by the US Food and Drug Administration for the non-surgical management of PD, in presence of stable palpable plaque and PC of at least 30°, but no more than 90° before the beginning of treatment [7] .
The majority of men suffering from PD refer to the clinician with a palpable plaque and a uniplanar dorsolateral curvature. Nevertheless, in rare circumstances, the patients might present with "atypical" deformities, such as ventral curvature, hourglass deformity, and severely shortened penis. Due to their low prevalence, in current available literature there are few reports that analyse the possible treatment options for PD presenting with atypical PC. In this scenario, the assessment of the efficacy of CCH injections in patients with atypical PC currently represents a clinical unmet need. Thus, the aim of this study was to evaluate the efficacy of a modified CCH treatment protocol on the improvement of PC in patients suffering from atypical deformities.
MATERIALS AND METHODS

Study population and ethics statement
The present study protocol was reviewed and approved by the Institutional Review Board of University of Florence, Careggi Hospital. Informed consent was submitted by all subjects when they were enrolled. We retrospectively reviewed our prospectively collected PD database to select consecutive patients with atypical PC treated with CCH from November 2016 to November 2018.
Each patient signed a written fully informed consent statement before being enrolled in the study. Inclusion criteria at baseline were: age ≥18 years, presence of "atypical" presentations, such as ventral curvature, hourglass deformity and severely shortened penis, PC ≥30°, but no greater than 90°, currently stable, no previous surgery for PD. Stable disease has been defined as no pain in conjunction with no curvature worsening during the last year. Severe penile shortening was associated with uncommon curvature, such as ventral or hourglass deformity.
All patients received pharmacologically induced erection test using intra-cavernous injection in order to evaluate the degree of PC at baseline and at the end of the treatment. In case of ventral curvatures, CCH was injected in the palpable stable plaque at the point of maximum curvature over the urethra. In this subset of PC, we not took any particular precautions, since there was no major technical difficulty. We just protect urethra between two fingers, at the time of the injection. In case of hourglass deformities, CCH was injected exactly in the centre of the plaque with the purpose to broke the plaque. All patients enrolled were treated with CCH-Xiapex using a new shortened protocol originally described by Abdel Raheem et al [8] . In particular, this consisted of a treatment cycle of three intralesional injections of CCH 0.9 mg, divided by 4-weekly intervals. After the procedure, patients were instructed to keep the penis elevated and to avoid sexual intercourse for the following 14 days. Between injections, the patients were strongly recommended to perform a combination of modelling, stretching, and vacuum therapy, in order to mechanically stretch the fibrous plaque. As such, starting 24 to 48 hours after the CCH injection, home gentle modelling of erect penis was performed. Stretching exercises provided a gradual stretch of the penis for 2 minutes each, at the urinary toilette time. Vacuum-pump therapy was performed using the Rapport Classic Vacuum system (Owen Mumford, Inc., Marietta, GA, USA; distributed by Medis, Rozzano, Italy). The patients were instructed to use the vacuum device without the constriction ring, only after 2 to 3 days from the CCH injection, once a day for two minutes, to mechanically stretch the penis. The cylinder was placed on the penis and slowly inflated until the penis was erect and maintained in this position for about 60 seconds. The vacuum was then released to allow the erection to subside and the process was repeated again five times during each treatment session.
Outcome measures
PC was measured using a ruler application, at baseline and at the end of the treatment. In case of shortening PC, also the length of the penis was measured.
Patients were asked to write-off self-administered questionnaires such as the International Index of Erectile Function (IIEF-15) [9] and the Peyronie's disease questionnaires (PDQ) [10] . The IIEF-15 scale analyses the degree of ED, classified as follows: severe (IIEF-15≤10), moderate (IIEF-15 between 11 and 16) and mild (IIEF-15 between 17 and 25). The IIEF-15 sub-scores and its subdomains were assessed, including IIEF-erectile function (IIEF-EF). The PDQ is a 15-question survey which gradates the influence and severity of PD symptoms on psychological and physical symptoms, penile pain and symptoms bother. Patients were asked to fulfil the PDQ scale only if they had had sexual intercourse within the previous 90 days.
Treatment satisfaction was evaluated by using a scale from 1 to 10. High satisfaction after treatment was defined as a score ≥8. Success of therapy was defined as a PC decrease of at least 20% from baseline curvature.
Statistical analysis
First, descriptive statistics were obtained reporting medians (and interquartile ranges [IQRs]) for continuous variables, and frequencies and proportions for categorical variables, as appropriate. Continuous variables were compared by the Student independent T-test or the Mann-Whitney U-test based on their normal or not-normal distribution, respectively (normality of variables' distribution was tested by the Kolmogorov-Smirnov test). Categorical variables were tested with the chi-square test. Differences between median PC changes observed in the different groups were compared using Kruskal-Wallis test. All statistical analyses were performed using IBM SPSS ver. 24 (IBM SPSS Statistics for Mac; IBM Corp., Armonk, NY, USA). All tests were two-sided with a significance set at p<0.05.
RESULTS
A total of 65 patients were included in the analysis. Preoperative features are reported in Table 1 . Median age was 59.0 years (IQR, 53.0 to 63.0 years). Fifty-three patients (81.54%) had ventral PC, 7 (10.77%) had hourglass PC, and 5 (7.69%) shortening PC. Severe penile shortening was associated in 3/5 cases with ventral PC and in 2/5 cases with hourglass PC (Table 1) . Median curvature was 40.0° (IQR, 30.0° to 45.0°) and median duration of the disease was 12.0 years (IQR, 6.5 to 24.0 years). The mean IIEF-EF was 23.56±4.10 while the mean PDQ was 27.06±13.55 before the beginning of the treatment.
After the final follow-up, we observed a significant median change for PC of -20.0 (IQR, -20.0 to -10.0; p<0.01) in ventral PC, -20.0 (IQR -20.0 to 0; p<0.01) in hourglass and -15.0 (IQR, -15.0 to -15.0; p<0.01) in shortening PC, respectively ( Fig. 1, Table 2 ). No significant differences were found in median PC improvements 
DISCUSSION
This is the first published study, to the best of our knowledge, to specifically evaluate the safety and efficacy of intralesional injection with CCH for the management of patients with PD presenting with atypical PC.
It is unequivocal that, to date, there is still lack of unanimous consent over the best practical management of PD. According to the European Association of Urology guidelines, the results of the studies on conservative treatment for PD are often contradictory making it difficult to directly translate such recommendations to the everyday clinical practice [11] . Although several pharmacological treatments have been proposed, only intralesional CCH injection therapy has proven itself to be effective enough for the conservative treatment of PD. The safety and efficacy of CCH in the management of PD have already been tested through several clinical trials enrolling nearly 1500 patients over the last three decades [11] [12] [13] [14] [15] [16] . In particular, based on the positive findings of two milestone trials, Investigation for Maximal Peyronie's Reduction Efficacy and Safety Studies (IMPRESS) 1 and 2, intralesional injection of CCH has emerged as the first medication authorised by the Food and Drug Administration for the conservative management of PD [17, 18] . Nevertheless, ventral location of plaque and hourglass deformity were among the major trials' exclusion criteria in the above-mentioned studies, mainly because of the concern of urethral wound. As such, there is still lack of evidence regarding the efficacy of CCH intralesional injection in patients with atypical PC.
Herein we firstly report a study in which we demonstrate the efficacy of a modified treatment protocol with CCH in the improvement of PC in patients with atypical PD. In particular, we found that CCH treatment was associated with a significant median change for PC of -20.0 (p<0.01) in ventral PC, -20.0 (p<0.01) in hourglass PC, and -15.0 (p<0.01) in shortening PC, respectively. In addition, IIEF scores and its subdomains, as well, have all improved. Interestingly, when analysing factors associated with PC improvement, we found that characteristics of curvature did not represent a significant predictor of PC improvement after conservative treatment.
The efficacy of CCH intralesional injection over the conservative management of ventral PC has been widely questioned and is still object of great debate [19, 20] . Nearly 10% of patients with PD present with ventral plaques, and the subsequent PC has a significant impact on individual sexual lives. Unfortunately, to date there is lack of data in contemporary literature describing the optimal treatment for this particular setting of patients. In this scenario, one retrospective study conducted by Steward et al compared the efficacy of intralesional interferon-alpha2b for the conservative treatment of dorsal versus ventral plaques [21] . It was found that intralesional interferon-alpha2b ameliorated PC by at least 20° in more than 90% of patients, irrespective of plaque location, paving the way to the assumption that even ventral plaques might be conservatively managed [22] . To date, clinical trials have not yet evaluated the use of CCH for the treatment of ventral plaques. However, Milam [23] recently described the first results of two men treated with CCH for ventral PC. These patients showed an objective reduction of PC after the fourth cycle of CCH, with a subjective amendment of symptoms and lack of serious side effects. In even rarer cases, patients with PD might present with hourglass deformity, penile shortening, or multiplanar curvature. One meta-analysis conducted by Yafi et al [21] stated that although patients with hourglass deformity or multiplanar curvature are usually treated with plaque incision or partial excision and grafting, however this particular setting of patients might benefit also from more conservative treatment options such as intraplaque injection therapy. In light of these findings, the current contraindication of using CCH in patients with ventral plaques or other complex penile deformities might be worth revisiting. Furthermore, in our study patients were recommended to perform a combination of modelling, stretching, and vacuum therapy, in order to mechanically stretch the fibrous plaque between injections. Nonetheless, the role of modeling and vacuum therapy in improving PC in PD is still object of great discussion [24] . Based on current available literature, it has been suggested that modelling in conjunction with CCH and vacuum therapy further might reduce tunical constraint secondary to the PD plaque [25] [26] [27] [28] [29] . Similarly, fewer and lower level-of-evidence studies are available on vacuum therapy as a combination therapy during CCH injections. A recent observational study assessed CCH efficacy combined with vacuum device between injection inter-vals. All patients used a combination of manual modeling, stretching and vacuum therapy. Findings showed statistically significant mean improvements in PC and length after treatment. [8] . Anyhow, further studies are needed to better assess the benefits of penile stretching and vacuum therapy. Moreover, in our case series we found significant increase of all female sexual function index-subdomains, according to our previous research [2] .
Our study is not devoid of several limitations including its retrospective nature, lack of direct verification of correct use of penile modelling and limited cohort size for group comparisons. The latter was, however, to be expected, considering the lower prevalence of PD presenting with atypical PC. Each of these factors might have added statistical bias, undermining the final reliability of reported results. However, acknowledged these limitations, the present study represents the largest series so far evaluating the safety and efficacy of CCH penile injection over the management of PD presenting with atypical PC. Moreover, since the characteristics of the curvature did not represent a predictor of the improvement, the study may not have enough power to demonstrate such a result.
It is clear that a change in the management of PD is mandatory in the nearest future and further studies focusing on the correct identification patient represent a precise unmet need. Particularly, further welldesigned studies will have to confirm these initial observations. Studies evaluating the long-term effects of CCH therapy also in patients with ventral PC as well larger trials identifying predictors of treatment success in different subgroups of PD patients would also be needed.
CONCLUSIONS
Although surgical treatment still represents the gold standard for PD with plaque calcification or disabling ED, CCH seems to provide an effective minimally invasive option also for men presenting with atypical PC and might have the potential to change disease progression. Further prospective studies with higher statistical power and larger cohorts will be required to confirm our preliminary findings.
